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INTRODUCTION 

The r a p i d  r i s e  i n  t h e  c o s t  o f  e n e r g y  h a s  p r o m p t e d  i n c r e a s e d  i n t e r e s t  
i n  t h e  r e c o v e r y  a n d  u t i l i z a t i o n  o f  l a n d f i l l  g a s  (LFG)  a t  : o c a t i o n s  
t h r o u g h o u t  t h e  U n i t e d  S t a t e s .  The U . S .  D e p a r t m e n t  o f  E n e r g y  (DOE) 
h a s  e s t i m a t e d  t h a t  t h e  n a t i o n ' s  s o l i d  w a s t e  l a n d f i l l s  g e n e r a t e  200 
b i l l i o n  c u b i c  f e e t  o f  m e t h a n e  g a s  a n n u a l l y .  E x c e p t  f o r  a f e w  l o c a -  
t i o n s ,  t h i s  p o t e n t i a l  r e s o u r c e  i s  b e i n g  l o s t  t o  t h e  a t m o s p h e r e .  
F u r t h e r ,  a p p r o x i m a t e l y  0 .5  m i l l i o n  t o n s  o f  s o l i d  w a s t e  a r e  a d d e d  
d a i l y  t o  a c t i v e  s a n i t a r y  l a n d f i l l s  i n  t h e  U n i t e d  S t a t e s .  

The g e n e r a t i o n  o f  m e t h a n e  g a s  d u r i n g  t h e  a n a e r o b i c  d e c o m p o s i t i o n  o f  
l a n d f i l l e d  s o l i d  w a s t e  i s  a w e l l - k n o w n  phenomenon.  L a n d f i l l  g a s  t y p -  
i c a l l y  c o n t a i n s  5 0 - 6 0  p e r c e n t  m e t h a n e .  The  b a l a n c e  i s  composed  o f  
c a r b o n  d i o x i d e  a n d  t r a c e  q u a n t i t i e s  o f  many o t h e r  g a s e s .  The r a t e  
o f  gas  g e n e r a t i o n  w i l l  g e n e r a l l y  be  h i g h e s t  d u r i n g  t h e  f i r s t  f e w  y e a r s  
a f t e r  s o l i d  w a s t e  b u r i a l  a n d  w i l l  t e n d  t o  d e c r e a s e  w i t h  t i m e .  The 
e x a c t  d e t a i l s  o f  t h i s  t i m e  v a r i a t i o n  a r e  n o t  w e l l  known  f o r  f u l l  s i z e  
l a n d f i l l s .  S m a l l  s c a l e  e x p e r i m e n t s  do  n o t  a p p e a r  t o  s i m u l a t e  w h a t  i s  
f o u n d  i n  t h e  f i e l d .  F o r  l a c k  o f  a b e t t e r  u n d e r s t a n d i n g ,  i t  i s  o f t e n  
assumed t h a t  t h e  l o n g  t e r m  g a s  g e n ' e r a t i o n  r a t e ,  a f t e r  t h e  f i r s t  f e w  
y e a r s ,  c a n  be  d e s c r i b e d  b y  a n  e x p o n e n t i a l  d e c a y  a n d  a s s o c i a t e d  h a l f -  
l i f e .  

T h e o r e t i c a l l y ,  t h e  maximum a m o u n t  o f  m e t h a n e  w h i c h  c a n  b e  p r o d u c e d  
d u r i n g  t h e  l i f e  o f  a g a s - g e n e r a t i n g  l a n d f i l l  i s  a b o u t  4 . 5  c u  f t  o f  
m e t h a n e  p e r  l b  o f  r e f u s e .  T h i s  a m o u n t  w o u l d  n o t ,  h o w e v e r ,  be  g e n e r -  
a t e d  i n  a r e a s o n a b l e  t i m e .  M o r e o v e r ,  a c t u a l  r e c o v e r y  w i l l  b e  l e s s  
t h a n  100  p e r c e n t .  A maximum r e c o v e r y  o f  1 t o  2 c u  f t  o f  m e t h a n e  p e r  
l b .  o f  r e f u s e  i s  c o n s i d e r e d  r e a s o n a b l e  a t  t h i s  t i m e .  

I n i t i a l  e f f o r t s  a t  LFG r e c o v e r y  o c c u r r e d  i n  L o s  A n g e l e s  C o u n t y  a t  t h e  
P a l o s  V e r d e s  L a n d f i l l  o p e r a t e d  b y  t h e  L o s  A n g e l e s  C o u n t y  S a n i t a t i o n  
D i s t r i c t s  i n  t h e  m i d - 1 9 6 0 s .  From t h i s  m o d e s t  b e g i n n i n g ,  LFG r e c o v e r y  
t e c h n o l o g y  h a s  b e e n  s u c c e s s f u l l y  a p p l i e d  a t  f i v e  o t h e r  l a n d f i l l s  a n d  
i s  u n d e r  a c t i v e  c o n s i d e r a t i o n  a t  a n o t h e r  17  l o c a t i o n s  n a t i o n a l l y .  

A S C O N  S I T E  D E S C R I P T I O N  

The Ascon  d i s p o s a l  s i t e  i s  l o c a t e d  i n  t h e  W i l m i n g t o n  a r e a  o f  L o s  
A n g e l e s ,  C a l i f o r n i a .  T h e  s i t e  was a f o r m e r  b o r r o w  p i t  a n d  o c c u p i e s  
a n  a r e a  o f  a p p r o x i m a t e l y  3 8  a c r e s .  H o u s e h o l d  a n d  c o m m e r c i a l  r u b b i s h ,  
t a n k  b o t t o m s  f r o m  r e f i n i n g  o p e r a t i o n s ,  a n d  o i l  f i e l d  d r i l l i n g  muds 
h a v e  been  d i s p o s e d  a t  t h e  s i t e  s i n c e  1 9 6 0  t o  a n  a v e r a g e  d e p t h  o f  a b o u t  
6 0  f e e t .  S o i l  i s  s c a r c e  a t  t h e  s i t e ,  a n d  a u t o  s h r e d d e r  w a s t e  i s  u s e d  
a s  d a i l y  c o v e r  m a t e r i a l  f o r  t h e  c o m p a c t e d  w a s t e s .  

A p o r t i o n  o f  t h e  s i t e  was f o r m e r l y  u s e d  a s  a s t o r a g e  a r e a  f o r  p e t r o -  
l e u m  c o k e .  L a r g e  q u a n t i t i e s  o f  w a t e r  w e r e  a d d e d  t o  t h e s e  s t o r a g e  
p i l e s  and  r e s u l t e d  i n  p e r c h e d  w a t e r  a n d  h i g h  m o i s t u r e  c o n d i t i o n s  w i t h -  
i n  t h e  l a n d f i l l .  F i l l i n g  o p e r a t i o n s  a r e  s c h e d u l e d  t o  c e a s e  i n  1980 .  
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FEASIBILITY STUDY 

A f i e l d  t e s t  program was conduc ted  d u r i n g  1976  a t  t h e  Ascon s i t e  by 
SCS Eng inee r s  unde r  c o n t r a c t  t o  t h e  s i t e  owner ,  Watson Energy Sys tems ,  
I n c .  T h i s  t e s t  program was d e s i g n e d  t o  d e t e r m i n e  i f  methane  g a s  c o u l d  
be  t e c h n i c a l l y  and  e c o n o m i c a l l y  r e c o v e r e d  from t h e  s i t e .  Three  t e s t  
w e l l s  were  i n s t a l l e d  and  pumping t e s t s  pe r fo rmed  o v e r  a 3 - 4  month 
p e r i o d  t o  d e t e r m i  ne: 

0 Gas c o m p o s i t i o n  a s  a f u n c t i o n  of w i t h d r a w a l  r a t e s  f rom t h e  

0 Gas f low r a t e s  a s  a f u n c t i o n  o f  p r e s s u r e  d r o p .  

0 I n f l u e n c e  area o f  w i t h d r a w a l  w e l l s .  

t e s t  we1 1 s .  

D u r i n g  t h e  f i e l d  t e s t  p rog ram,  p r e l i m i n a r y  n e g o t i a t i o n s  were be ing  
conduc ted  w i t h  a n  a d j a c e n t  S h e l l  O i l  r e f i n e r y  f o r  gas  s a l e s .  Requ i re -  
ments  f o r  g a s  p r o c e s s i n g  and d e l i v e r y  s p e c i f i c a t i o n s  w e r e  i d e n t i f i e d .  

R e s u l t s  o f  t h e  f e a s i b i l i t y  s t u d y  i n d i c a t e d  t h a t  u p  t o  1170 cu f t  p e r  
minu te  o f  L F G  c o n t a i n i n g  500 t o  550  Btu lcu  f t  c o u l d  be r e c o v e r e d  f rom 
t h e  s i t e .  This  w i t h d r a w a l  r a t e  was e s t i m a t e d  t o  be  s u s t a i n a b l e  f o r  
a t  l e a s t  6 y e a r s .  Use r  r e q u i r e m e n t s  f o r  t h e  L F G  were  a l s o  found  t o  
be  a c c e p t a b l e  - c o m p r e s s i o n  t o  7 0  ps i  and m o i s t u r e  removal a t  40OF. 

System d e s i g n  and  i n s t a l l a t i o n  p roceeded  and  was comple t ed  i n  mid- 
1 9 7 8 .  The LFG e x t r a c t i o n  s y s t e m  a s  o r i g i n a l l y  i n s t a l l e d  was compr ised  
o f  24 v e r t i c a l  w e l l s  d r i l l e d  t o  an a v e r a g e  dep th  o f  50 f t  w i t h  a s s o -  
c i a t e d  h e a d e r  p i p e  c o l l e c t i o n  s y s t e m .  P V C  p i p i n g  was used  t h r o u g h -  
o u t  t h e  c o l l e c t i o n  s y s t e m .  Wel l s  were  p e r f o r a t e d  f o r  t h e  lower  15 
t o  2 0  f t  and s e a l e d  f rom t h e  s u r f a c e  w i t h  c o n c r e t e  and b e n t o n i t e  c l a y .  

The L F G  compresso r  and c o o l i n g  equ ipmen t  u t i l i z e d  r e b u i l t  equ ipmen t .  
A s c h e m a t i c  of t h e  g a s  w i t h d r a w a l  and p r o c e s s i n g  s y s t e m  i s  shown i n  
F i g u r e  1 .  

D u r i n g  t h e  p l acemen t  o f  e x t r a c t i o n  w e l l s ,  a number o f  u n a n t i c i p a t e d  
c o n d i t i o n s  were e n c o u n t e r e d .  F i r s t ,  l a n d f i l l e d  w a s t e s  were more com- 
p a c t  a n d  had a h i g h e r  m o i s t u r e  c o n t e n t  t h a n  i n d i c a t e d  by t h e  f e a s i -  
b i l i t y  t e s t i n g .  S e c o n d l y ,  a s  a r e s u l t  o f  h igh  m o i s t u r e  l e v e l s ,  w e l l s  
would p a r t i a l l y  f i l l  w i t h  w a t e r  a f t e r  d r i l l i n g .  S t a n d i n g  w a t e r  l e v e l s  
were  as  h igh  a s  30 f t  d e e p  i n  some w e l l s .  This  w a t e r  c o u l d  b e  p u m p e d  
o u t ,  however r e p l a c e m e n t  by s e e p a g e  o c c u r r e d  w i t h  t i m e .  I n j e c t o r  
pumps were  i n s t a l l e d  i n  t h e  d e e p e r  w e l l s  t o  remove e x c e s s  m o i s t u r e .  

System s t a r t - u p  o c c u r r e d  i n  A u g u s t  1978 .  G r e a t  v a r i a t i o n  e x i s t e d  
i n  gas  p r o d u c t i o n  r a t e s  of w e l l s .  Some w e l l s  were  f r e e - f l o w i n g  and 
produced  l a r g e  q u a n t i t i e s  of L F G ,  w h i l e  o t h e r s  were  w i t h o u t  p o s i t i v e  
p r e s s u r e  a n d  y i e l d e d  l i t t l e  o r  no g a s ,  ( e v e n  when c o n s i d e r a b l e  vacuum 
was a p p l i e d ) .  Dur ing  t h e  e n s u i n g  mon ths ,  a d d i t i o n a l  w e l l s  ( a v e r a g i n g  
3 5 - 4 0  f t  d e e p )  were  i n s t a l l e d  t o  t a p  more p r o d u c t i v e  a r e a s  o f  t h e  
s i t e .  S e v e r a l  none -p roduc inq  w e l l s  were  aband ned .  A t o t a l  of 60 
w e l l s  a r e  now l o c a t e d  on  t h e - s i t e .  

The sys tem h a s  been o p e r a t i n g  e s s e n t i a l l y  c o n t  
1 9 7 9  a n d  i s  c u r r e n t l y  c a p a b l e  of d e l i v e r i n g  u p  
u s e r .  D e l i v e r i e s  a r e  a v e r a g i n g  a b o u t  8 0 0  scfm 
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n u o u s l y  s i n c e  e a r l y  
t o  1 0 5 0  scfm t o  t h e  
( 1 . 2  mmcf lday) .  No 
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m a j o r  o p e r a t i n g  d 
However ,  s u p e r v i s  
a d j u s t m e n t s .  The 
w i t h  a n  a l a r m  s y s  

E C O N O M I C S  

f f i c u l t i e s  o r  m a i n t e n a n c e  p r o b l e m s  h a v e  a r i s e n .  
o n  ( 8  h r / d a y )  was f o u n d  t o  b e  n e c e s s a r y  f o r  s y s t e m  
s y s t e m  i s  a l s o  m o n i t o r e d  b y  c o m p u t e r  a n d  e q u i p p e d  
em w h i c h  s h u t s  t h e  s y s t e m  down i f  p r o b l e m s  o c c u r .  

T a b l e s  1 a n d  2 s u m m a r i z e  t h e  c a p i t a l  a n d  o p e r a t i n g  c o s t s  a s s o c i a t e d  
w i t h  t h e  i n s t a l l e d  s y s t e m ,  r e s p e c t i v e l y .  A n n u a l  o p e r a t i n g  c o s t s ,  
i n c l u d i n g  a m o r t i z a t i o n  o f  c a p i t a l ,  a v e r a g e  4 5  p e r c e n t  o f  t o t a l  i n -  
s t a l l e d  c o s t .  

T a b l e  3 p r e s e n t s  t h e  e s t i m a t e d  a n n u a l  i n c o m e  f r o m  t h e  s y s t e m .  As c a n  
be  seen ,  a f a v o r a b l e  e c o n o m i c  r e t u r n  e x i s t s .  The s a l e s  a g r e e m e n t  
b e t w e e n  Watson  E n e r g y  S y s t e m s ,  I n c . ,  a n d  S h e l l  O i l  pegs  t h e  v a l u e  o f  
t h e  LFG t o  7 0  p e r c e n t  o f  t h e  v a l u e  o f  #6  f u e l  o i l  o n  an  e q u i v a l e n t  
B t u  b a s i s .  E n t i t l e m e n t s  a r e  e a r n e d  b y  W a t s o n  E n e r g y  S y s t e m s ,  I n c . ,  
u n d e r  t h e  a p p l i c a b l e  D O E  p r o g r a m .  

G A S  QUALITY 

Gas q u a l i t y  a t  t h e  Ascon  l a n d f i l l  h a s  b e e n  c o n s i s t a n t  w i t h  m e t h a n e  
c o n c e n t r a t i o n s  a v e r a g i n g  i n  e x c e s s  o f  50 p e r c e n t .  Gas o b t a i n e d  f r o m  
t h e  Ascon  l a n d f i l l  i s  r o u t i n e l y  a n a l y z e d  ( b i - m o n t h l y )  b y  an  i n d e p e n -  
d e n t  l a b o r a t o r y .  A t y p i c a l  r e s u l t  i s  shown i n  T a b l e  4 .  

E x t e n s i v e  a n a l y s e s  o f  g a s  o b t a i n e d  f r o m  o n e  L o s  A n g e l e s  a r e a  l a n d f i l l  
h a s  i d e n t i f i e d  m o r e  t h a n  65  t r a c e  c o n s t i t u e n t s  i n  LFG. T r a c e  compon- 
e n t s  o f  t h e  g a s  o b t a i n e d  f r o m  A s c o n  h a v e  b e e n  i d e n t i f i e d  a l s o .  A 
s a m p l e  a n a l y s e s  i s  c o n t a i n e d  i n  T a b l e  5. 

FUTURE F O R  LFG R E C O V E R Y  

I n c r e a s e s  i n  e n e r g y  c o s t s  h a v e  g i v e n  LFG r e c o v e r y  a needed  " s h o t  i n  
t h e  a r m " .  An a d d i t i o n a l  i m p e t u s  i s  o n  i t s  way f r o m  t h e  U.S. E n v i r o n -  
m e n t a l  P r o t e c t i o n  Agency  (EPA) .  The R e s o u r c e  C o n s e r v a t i o n  and Re- 
c o v e r y  A c t  (RCRA) r e q u i r e m e n t s  f o r  c o n t r o l l i n g  m i g r a t i o n  o f  LFG as 
d i c t a t e d  by EPA 's  s a n i t a r y  l a n d f i l l  c r i t e r i a  r e q u i r e  m e t h a n e  g a s  c o n -  
c e n t r a t i o n s  a t  t h e  d i s p o s a l  s i t e  p r o p e r t y  l i n e  t o  n o t  e x c e e d  5 p e r -  
c e n t  b y  v o l u m e .  M e t h a n e  g a s  c o n c e n t r a t i o n s  i n  f a c i l i t y  s t r u c t u r e s  
c a n n o t  e x c e e d  1 - 1 / 2  p e r c e n t  b y  v o l u m e .  T h e s e  r e q u i r e m e n t s  w i l l  n e -  
c e s s i t a t e  i n s t a l l a t i o n  o f  LFG c o n t r o l  s y s t e m s  a t  m o s t  s i t e s .  The i n -  
s t a l l e d  LFG c o n t r o l  s y s t e m  may i n c l u d e  some o f  t h e  same f a c i l i t i e s  
( e x t r a c t i o n  w e l l s ,  pumps, e t c . )  r e q u i r e d  f o r  a n  LFG r e c o v e r y  s y s t e m .  
If t h e  LFG m u s t  b e  r e m o v e d ,  many e n t e r p r i s i n g  s i t e  o w n e r s  w i l l  a c t i v e -  
l y  s e e k  a p r o f i t a b l e  m a r k e t  f o r  t h e  g a s .  

F i n a l l y .  D O E  has  become i n c r e a s i n g l y  i n t e r e s t e d  i n  LFG r e c o v e r y .  
D O E  i s  s u p p o r t i n g  a number  o f  p r o j e c t s  a i m e d  a t  i m p r o v i n g  LFG r e -  
c o v e r y  t e c h n o l o g y .  A number  o f  new p r o j e c t s  a r e  l i k e l y  t o  be s u p p o r t -  
ed  u n d e r  p r o v i s i o n s  o f  P.L.  9 6 - 1 2 6 .  L e g i s l a t i o n  s u p p o r t i n g  LFG r e -  
c o v e r y  h a s  a l s o  b e e n  i n t r o d u c e d  a t  t h e  F e d e r a l  l e v e l .  

Thus ,  we c a n  e x p e c t  more  LFG r e c o v e r y  p r o j e c t s  
f u l l y ,  t h e  b e n e f i c i a l  e f f e c t s  a s s o c i a t e d  w i t h  L 
some o f  t h e  n e g a t i v e  p u b l i c  r e a c t i o n  t o  l a n d f i l  
w a s t e s ,  w h i l e  c o n t r i b u t i n g  t o  o u r  n a t i o n a l  f u e l  
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TABLE 1. 

SYSTEM CAPITAL COSTS (1978) 

Compressor/Gas Chi1 1 e r  

We1 1 s/Header 

Discharge pipe1 i n e  

S i t e  work 

Instrumentation/Controls 
E l  ec tr i c a l  s e r v i c e  

Engineer ing 

$103,000 
376,000 

35,000 

10,000 
100,000 
20,000 
65,000 

Tota l  Cap i ta l  $709,000 

TABLE 2. 

ESTIMATED ANNUAL OPERATING COSTS ( i 9 7 9 )  

E l e c t r i c a l  Power (150,000 KW/mo. @ 5 6 )  $ 90,OOC 

Coripressor Maintenance (5% o f  c a p i t a l  c o s t )  5,200 
Maintenance Labor (8 hr/day @ $15) 43,800 
Admin. & Tes t i ng  ($2500/mo) 30,OCr 
Amort izat ion ( 7  yr. @ 1 2 % )  155,400 

Total  Operat ing $324,400 

TABLE 3.  

ESTIMATED INCOME FROM GAS SALES (1Y79) 

D i r e c t  Sales*: $517,000 
Entitlements': 137,000 

$654,000 

*1.2 mmcf/day @ 535 Btu/c f  @ $2.45 mm Btu @ 90% a v a i l a b i l i t y .  

Estimated based on 65Q/mm Btu + 

249 



TABLE 4. 

MAJOR CONSTITUENTS - ASCON LANDFILL GAS 

Const i tuent  

Methane 
Carbon Diox ide 

Hydrogen 

Oxygen 
Ni t rogen 

% (Volume)* 

55 

42 

0.5 

0.2 

1.2 

*Average of  several samples 

TABLE 5 .  

TRACE CONSTITUENTS - ASCON LANDFILL GAS 

Cons t i t uen t  

Acetone 

Ethyl mercaptan 

2-methyl f u r a n  

Methyl e t h y l  ketone 
Benzene 

Toluene 

Terpene 
Ethyl benzene 

Xylene 

Butyl a lcohol  

A1 pha terp inene 

Limonene 

C3 s u b s t i t u t e d  benzenes 

C4 s u b s t i t u t e d  benzenes 

Dichlorobenzene 

2-ethy l  -1-hexanol 

C4 - C14 hydrocarbons 

Parts per  Mi 11 ion*  

32.5 

21.1 
6.9 

5.2 

5.5 

20.4 

12.4 

21.4 

14.9 

5.2 

11.1 
26.2 

9.8 
7.6 

4.1 

6.2 

114.2 

*Sample date: May 15, 1979 
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